###### Strengths and limitations of this study

-   The benefits of chronic polytherapy in reducing cardiovascular disease after myocardial infarction have been clearly shown. However, substantial geographic variation in adherence to guideline recommendations exists and creates equity issues in access to optimal care.

-   Cross-classified multilevel models proved to be a useful tool for identifying the priority lines of action to improve adherence and define areas for more targeted healthcare interventions.

-   Adherence to drug treatment was estimated on the basis of defined daily doses. Although this is a useful instrument for comparing the results from different studies, misclassification of drug utilisation may have occurred.

Introduction {#s1}
============

Background {#s1a}
----------

Patients who have had an acute myocardial infarction (MI) are at increased risk of repeated MI and death. Evidence-based prevention strategies include changes in lifestyle and drug therapy. International guidelines agree on the use of combinations of drugs belonging to specific anatomical therapeutic chemical (ATC) groups: platelet aggregation inhibitors (antiplatelets), β-blocking agents (β-blockers), agents acting on the renin-angiotensin system (ACEI angiotensin receptor blockers) and 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins).[@R1] [@R2] The benefits of chronic polytherapy in reducing cardiovascular disease have been clearly shown.[@R3]

The gap in clinical practice {#s1b}
----------------------------

However, observational studies reported poor adherence to chronic polytherapy. Therefore, therapies with proven benefit for MI are underused despite strong evidence that their use will result in better patient outcomes.[@R5] [@R9] [@R10] Moreover, substantial geographic variation exists in the treatment of patients with acute MI, and these gaps between knowledge and practice have important consequences in terms of equity in access to optimal care.[@R11] [@R12] Unfortunately, from the current scientific evidence, it is not possible to quantify how much of the 'distance from clinical guidelines' is attributable to the patient behaviour, to the therapeutic approach recommended at hospital discharge or to the primary care providers, such as local health districts. The local health district is a body delegated by the National Health System to provide healthcare to a specific area. Each local health district is composed of a well-defined group of general practitioners sharing the same clinical guidelines and participating in the same learning interventions, coordinated by a district director. The analysis of these 'components of variation' may be a useful tool to define areas for more targeted interventions aimed at improving adherence to guidelines and equity in healthcare.

Objectives {#s1c}
----------

The objectives of this study are as follows: to measure the adherence to chronic polytherapy after MI in clinical practice; to quantify and compare the proportions of variation attributable to the hospitals of discharge and to the primary care providers; to identify determinants of adherence to polytherapy.

Materials and methods {#s2}
=====================

Data sources {#s2a}
------------

Our Department has access to regional health information systems that contain mortality, hospital admission and drug claims data. The details of the individual information systems are reported in the [online supplementary appendix](#SM1){ref-type="supplementary-material"}.
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Setting and study cohort {#s2b}
------------------------

The study was based on the population living in the Lazio region of Italy, which comprises approximately five million persons. Using data from the regional Hospital Information System, the study included a cohort consisting of all patients discharged from hospitals between 1 January 2007 and 31 October 2010 with a diagnosis of MI (index admission). An MI was defined either as a primary diagnosis of International Classification of Diseases Ninth Revision Clinical Modification (ICD-9-CM) codes 410.xx or as a primary diagnosis of an MI-related condition along with a secondary diagnosis of 410.xx (see [online supplementary appendix](#SM1){ref-type="supplementary-material"}). Patients aged 35--100 years at discharge were considered for inclusion in the analysis. Patients with hospitalisations for MI or related causes (ie, percutaneous coronary intervention---PCI, bypass, ischaemic heart disease, surgery of the heart and great vessels) in the 9 years before index admission were not considered eligible for the study. Patients who were not registered in the regional health assistance file throughout the whole study period were excluded, because they could not be retrieved from the regional health information system (note that healthcare is offered to all resident citizens without restriction). Patients with a duration of the index admission \>21 days (95th centile) were excluded from the analyses as they were considered 'statistical outliers', probably representing extremely complex or unstable patients. Finally, patients who received an outpatient regimen for less than 30 days were excluded, in order to allow a long enough time for consistently estimating the adherence to polytherapy.

Follow-up {#s2c}
---------

Individual follow-up for measuring drug exposure was considered to start on the first day after discharge from the index admission. The end of the observation period was defined as either the end of 2-year follow-up, the time of death or the date of any hospitalisation following discharge from the index admission, whichever occurred first. The last 'censoring' criterion allows one to measure the net impact of the hospital that has discharged the patient without the potential interference of subsequent hospitalisations.

Drug exposure: the adherence to medication {#s2d}
------------------------------------------

Drug exposure information was collected from the regional registry of all drugs dispensed by public and private pharmacies. All drugs in this study were included in the patients\' healthcare plans and were equally available to all residents, in accordance with the universal healthcare coverage provided to residents of Italy. Information about prescriptions of antiplatelets (ATC B01AC04, B01AC05, B01AC06), β-blockers (ATC C07), ACEI/ARBs (ATC C09) and statins (ATC C10AA) were retrieved for all patients. Adherence to medication was measured through the medication possession ratio (MPR), calculated as the number of days of medication supplied during the follow-up on the basis of defined daily doses (DDDs) divided by the number of calendar days in the follow-up. Adherence to individual medications was defined as an MPR≥0.75. Adherence to chronic polytherapy was defined as an MPR ≥0.75 for at least three of the four evidence-based drugs.[@R8]

Statistical analysis {#s2e}
--------------------

Continuous variables were presented as the mean value±SD and/or median value. A map of the Lazio region was produced in order to show and compare the proportions of adherent patients by local health district. The classes used in the maps have been calculated applying the Jenks natural breaks optimisation algorithm,[@R13] which reduces the variance within classes and maximises the variance between classes.

It is important to note that the data structure is not purely hierarchical. In fact, patients are nested within local health districts and within hospitals of discharge. However, the nesting structure may be less clear when we consider health districts and hospitals of discharge. In other words, we can say that patients are nested within the 'cross-classification of health districts and hospitals'. Therefore, cross-classified logistic multilevel models[@R14] were performed in order to analyse geographic variation, by measuring and comparing the proportions of variability attributable to hospitals of discharge and primary care providers. After having performed a statistical sensitivity analysis on all potential multilevel models, the standard regression including only the 'local health district' level was compared with the cross-classified model including both the 'local health district' and the 'hospital of discharge' levels. The Akaike Information Criterion (AIC) was used to determine the model that provided the best account of the data. In fact, AIC deals with the trade-off between the goodness of fit of the model and the complexity of the model. The 'best' model is the one with the minimum AIC value.[@R15] The variance components were expressed in terms of median ORs MORs. The MOR quantifies the variation between clusters by comparing two persons from two randomly chosen different clusters. Consider two persons with the same covariates, chosen randomly from two different clusters. The MOR is the median OR between the person of higher propensity and the person of lower propensity. This measure is always greater than or equal to 1.00. If the MOR is 1.00, there is no variation between clusters. If there is considerable between-cluster variation, the MOR will be large.[@R16] The MORs were estimated controlling for patients\' characteristics. In fact, explanatory variables that are divided very selectively across the groups can often explain a fair amount of group level variance. The interpretation would generally be that this does not reflect a real contextual effect, but rather the unequal composition of the groups.[@R14] We did not control for general practitioner characteristics in order to measure and emphasisze the source of variability attributable to the primary care features.

A cross-classified model was also applied to identify determinants of adherence to polytherapy, properly taking into account the correlation within the specified clusters.[@R14] In this case, both patient and general practitioner characteristics were included. Determinants of adherence were identified in two steps. First, the following factors were selected based on a priori knowledge:[@R17] [@R18] gender and age of patient, educational level, discharge ward, length of stay of the index admission, PCI during the index admission, use of antiplatelets, β-blockers, ACEI/ARBs or statins during the 12 months prior to the index admission (defined as at least 2 prescriptions), 15 comorbidities retrieved from the hospital records for both the index admission and the 9 previous years (see [online supplementary appendix](#SM1){ref-type="supplementary-material"} for details); gender, age and organisational arrangement[@R19] (none, association, network, group practice) of the general practitioner. Second, the potential determinants were further selected using a bootstrap stepwise procedure to determine which factors were actually associated with the outcome of interest.[@R20] Using this approach, 1000 replicated bootstrap samples were selected from the original cohort. A bootstrap sample is a sample of the same size as the original data set chosen with a replacement. Thus, a given participant in the original cohort may be selected multiple times, only once or not at all in a specific bootstrap sample. A stepwise procedure, using thresholds of p=0.05 for variable selection and elimination, was applied to each replicated sample and only the factors selected in at least 50% of the procedures were included in the final cross-classified multilevel model. ORs, 95% 95% CIs and p values were reported.

Results {#s3}
=======

The study cohort {#s3a}
----------------

From the initial number of 13 571 patients discharged from hospital with an incident diagnosis of MI, 9606 were enrolled in the cohort ([figure 1](#BMJOPEN2015010926F1){ref-type="fig"}). Approximately 58% of patients underwent PCI during the index hospitalisation. The prevalence of PCI decreased as age increased: 67% in the age group '35--54', 65% in the group 55--69, 54% in the group 70--84 and 28% in the age group '≥85' years. About 10% of patients were not discharged from cardiology wards. A total of 6532 patients with MI (68%) were men. The mean age was 64±12 years for men and 72±12 years for women. [Table 1](#BMJOPEN2015010926TB1){ref-type="table"} shows the prevalence of the most frequent comorbidities by age group. The impact of comorbid health conditions increased with age. Hypertension (21%), arrhythmia (16%), vascular diseases (13%) and heart failure (10%) were the most common comorbidities. Overall, more than 50% of patients with MI had at least one concomitant disease. The mean follow-up time was 628 days (95% CI 624 to 632). The median follow-up time was 730 days.

###### 

Prevalence of the most frequent comorbidities by age group

  Age group (years)                                      35--54   55--69   70--84   85+     Total
  ------------------------------------------------------ -------- -------- -------- ------- -------
  Gastro-oesophageal haemorrhage (%)                     0.31     0.56     1.33     1.89    0.91
  Chronic liver, pancreas and digestive diseases (%)     4.04     3.51     4.32     3.86    3.93
  Haematological diseases (%)                            2.04     2.88     7.41     12.40   5.20
  Chronic nephropathies (%)                              1.24     2.57     7.74     17.34   5.50
  Chronic obstructive pulmonary disease (COPD) (%)       1.20     3.62     8.23     11.68   5.53
  Conduction disorders (%)                               2.31     3.73     8.41     14.29   6.09
  Disorders of lipoid metabolism/obesity (%)             5.37     6.70     7.53     6.47    6.72
  Malignant neoplasms (%)                                1.60     5.43     11.64    12.13   7.52
  Cerebrovascular disease (%)                            1.20     5.05     13.98    19.50   8.81
  Other cardiac diseases (%)                             3.95     5.22     12.64    20.75   9.03
  Diabetes (%)                                           3.77     8.04     12.81    13.48   9.43
  Heart failure (%)                                      3.37     5.31     13.58    23.45   9.53
  Diseases of arteries, arterioles and capillaries (%)   4.57     9.62     18.91    25.79   13.44
  Cardiac dysrhythmias (%)                               9.23     11.72    21.43    29.38   16.31
  Hypertension (%)                                       8.43     15.94    28.75    38.10   21.10

![The exclusion criteria flow chart. MI, myocardial infarction.](bmjopen2015010926f01){#BMJOPEN2015010926F1}

Adherence to medication {#s3b}
-----------------------

The adherence to individual evidence-based medications by gender and age group is reported in [table 2](#BMJOPEN2015010926TB2){ref-type="table"}. As regards the whole cohort, antiplatelets were characterised by the highest adherence (77%), followed by statins (73%), ACEI/ARBs (67%) and β-blockers (53%). It is worth noting that, for both males and females, the adherence to each of the recommended medications decreased markedly, moving from the age group '70--84' to the group '≥85' years. Overall, in the Lazio region, about 63% of patients with MI were adherent to chronic polytherapy, defined as an MPR ≥0.75 for at least three of the four evidence-based drugs. If we consider the full combination therapy (ie, MPR ≥0.75 for all of the four evidence-based drugs), the percentage drops to 28%. The cross-classified logistic multilevel model ([table 3](#BMJOPEN2015010926TB3){ref-type="table"}) showed that the probability of adherence to chronic polytherapy after MI (at least three out of four drugs) was strongly influenced by the patient and general practitioner characteristics. With regard to patient characteristics, female gender was associated with a lower probability of adherence. The effect of age was not linear: with respect to the reference category (age less than 55 years), the probability of adherence increased significantly in the age class 55--69 years (OR=1.15, p=0.031) and substantially decreased in the older age group (age ≥85 years; OR=0.42, p\<0.001). The effect of the educational level was not significant. Moreover, adherence was significantly higher for patients discharged from cardiology wards, for patients with a length of stay longer than 7 days (the median value), for patients who underwent PCI during the index hospitalisation and for patients who were prescribed β-blockers, ACEI/ARBs or statins in the 12 months before admission. On the other hand, all comorbidities were associated with lower adherence to chronic polytherapy. As regards the general practitioner characteristics, adherence was higher for patients with younger physicians and for patients with general practitioners working in group practice, ie, sharing facilities, electronic patient records, administrative and clinical staff.

###### 

Adherence to individual evidence-based medications by gender and age group

  Age group (years)   β-Blockers (%)   ACEI/ARBs (%)   Statins (%)   Antiplatelets (%)
  ------------------- ---------------- --------------- ------------- -------------------
  Males                                                              
   35--54             57.43            60.84           79.21         76.80
   55--69             57.79            69.82           81.30         80.25
   70--84             49.58            68.69           75.01         81.41
   85+                31.87            55.89           47.81         67.90
  Total               53.88            66.68           77.17         79.15
  Females                                                            
   35--54             56.61            56.32           67.24         67.53
   55--69             55.35            70.36           71.80         73.71
   70--84             52.12            70.40           65.11         74.80
   85+                37.06            56.76           41.03         62.21
  Total               50.75            66.73           62.87         71.64
  Whole cohort                                                       
   35--54             57.30            60.14           77.36         75.37
   55--69             57.22            69.95           79.08         78.72
   70--84             50.64            69.41           70.86         78.64
   85+                35.04            56.42           43.67         64.42
  Total               52.88            66.69           72.61         76.76

ARBs, angiotensin receptor blockers.

###### 

Determinants of adherence to chronic polytherapy

  Determinants                                                       Reference                       OR                  95% CI         p Value        
  ------------------------------------------------------------------ -------------- ------------------------------------ -------------- -------------- -------
  Gender of patient                                                  (male)                         0.81                 0.73 to 0.90   \<0.001        
  Age group (years)                                                  (35--54)                      55--69                1.15           1.01 to 1.31   0.031
  70--84                                                             0.99                       0.86 to 1.14             0.904                         
  *85+*                                                              0.42                       0.35 to 0.52             \<0.001                       
  Discharge ward: cardiology                                         (other)                        1.56                 1.26 to 1.92   \<0.001        
  Length of stay                                                     (≤7 days)                      1.11                 1.01 to 1.23   0.043          
  PCI                                                                (absence)                      2.60                 2.32 to 2.92   \<0.001        
  EB drug use in the 12 months before admission (≥2 prescriptions)                                                                                     
   β-blockers                                                        (absence)                      1.63                 1.40 to 1.90   \<0.001        
   ACEI/ARBs                                                         (absence)                      1.87                 1.69 to 2.07   \<0.001        
   Statins                                                           (absence)                      1.30                 1.14 to 1.50   \<0.001        
   Antiplatelets                                                     (absence)                      1.03                 0.90 to 1.17   0.702          
  Patient comorbidities                                                                                                                                
   Malignant neoplasms                                               (absence)                      0.85                 0.72 to 1.01   0.062          
   Disorders of lipoid metabolism/obesity                            (absence)                      0.91                 0.75 to 1.11   0.352          
   Haematological diseases                                           (absence)                      0.69                 0.56 to 0.86   0.001          
   Heart failure                                                     (absence)                      0.89                 0.75 to 1.03   0.115          
   Other cardiac diseases                                            (absence)                      0.85                 0.72 to 1.00   0.050          
   Cardiac dysrhythmias                                              (absence)                      0.71                 0.63 to 0.81   \<0.001        
   Cerebrovascular disease                                           (absence)                      0.87                 0.73 to 1.03   0.102          
   Diseases of arteries and arterioles                               (absence)                      0.88                 0.76 to 1.02   0.090          
   Chronic obstructive pulmonary disease                             (absence)                      0.71                 0.58 to 0.87   0.001          
   Chronic nephropathies                                             (absence)                      0.83                 0.67 to 1.02   0.074          
   Gastro-oesophageal haemorrhage                                    (absence)                      0.54                 0.34 to 0.87   0.011          
  General practitioner characteristics                                                                                                                 
   Gender                                                            (male)                         1.01                 0.90 to 1.13   0.923          
   Age group (years)                                                 (34--49)                      50--54                0.99           0.85 to 1.14   0.853
  55--59                                                             0.85                       0.73 to 0.98             0.026                         
  60+                                                                0.86                       0.73 to 1.01             0.074                         
   Organisational arrangement                                        (none)          association network group practice  1.05           0.91 to 1.22   0.485
  1.13                                                               0.98 to 1.30                  0.095                                               
  1.14                                                               1.01 to 1.29                  0.042                                               

ARBs, angiotensin receptor blockers; EB, evidence-based; PCI, percutaneous coronary intervention.

The geographic variation {#s3c}
------------------------

The 'hierarchical' healthcare system was composed as follows: 2156 general practitioners, 55 local health districts and 93 cross-classified hospitals of discharge. A high geographic variation was observed between the local health districts of the region. The percentages of adherence to polytherapy ranged from 49% to 74% ([figure 2](#BMJOPEN2015010926F2){ref-type="fig"}). In [table 4](#BMJOPEN2015010926TB4){ref-type="table"}, the proportions of variation attributable to the hospitals of discharge and to the primary care providers were measured and compared. When analysing the variation among primary care providers, after controlling for patients\' characteristics, a relevant variation between local health districts was detected (MOR=1.24, p\<0.001). However, when introducing the hospital of discharge as a cross-classified level, the variation between local health districts decreased (MOR=1.13, p=0.020). When introducing the hospital level, the variation between local health districts can be seen as the variability between districts as if all patients were discharged from the same hospital. Therefore, a portion of the variability in primary care is attributable to the hospital that has discharged the patient. Moreover, the variability in patient adherence attributable to the hospital of discharge was statistically significant (p\<0.001) and substantially higher. In fact, the MOR associated to the hospital of discharge was 1.37, whereas the MOR attributable to the local health district was 1.13. AIC values related to the statistical sensitivity analysis on potential multilevel models were reported in [table 5](#BMJOPEN2015010926TB5){ref-type="table"}. The variation among general practitioners within the same local health district was not statistically significant (p=0.361).

###### 

The trade-off between hospitals of discharge and primary care providers

  -----------------------------------------------------------------
  Levels of healthcare system   Median OR\* (p Value)   
  ----------------------------- ----------------------- -----------
  Local health district         1.24\                   1.13\
                                p\<0.001                p=0.020

  Hospital of discharge         −                       1.37\
                                                        p\<0.001

  AIC                           11 500.38               11 431.07
  -----------------------------------------------------------------

\*The analyses were performed controlling for patients' characteristics.

AIC, Akaike Information Criterion.

###### 

Akaike Information Criterion values related to the statistical sensitivity analysis on potential multilevel models

  Multilevel model                          Levels of analysis     Explanatory variables       AIC
  ----------------------------------------- ---------------------- --------------------------- -----------
  Two-level regression                      (Patient)---GP         Intercept-only              12 617.83
  Two-level regression                      (Patient)---GP         Patients' characteristics   11 547.13
  Three-level regression                    (Patient)---GP---LHD   Patients' characteristics   11 502.37
  Two-level regression                      (Patient)---LHD        Patients' characteristics   11 500.38
  Three-level cross-classified regression   (Patient)---LHD/HoD    Patients' characteristics   11 431.07

AIC, Akaike Information Criterion; GP, general practitioner; HoD, hospital of discharge; LHD, local health district.

![Percentages of adherence to polytherapy by local health district.](bmjopen2015010926f02){#BMJOPEN2015010926F2}

Discussion {#s4}
==========

In a study of 9606 patients, we found that after a hospital discharge for MI, only 63% of patients were adherent to polytherapy in the following 2 years. Treatments with proven benefit for MI are underused despite strong evidence that their use will result in better patient outcomes. This result is even more alarming if we consider that our definition of adherence was not restrictive. In fact, adherence to polytherapy was defined as an MPR ≥0.75 for at least three of the four evidence-based drugs. Our findings are consistent with the results of other investigations, which reported unsatisfactory prescribing rates of secondary prevention drugs after MI in different times[@R10] and in different countries.[@R17] [@R18] [@R21] Among patient determinants of adherence to polytherapy, we found that older age (≥85 years) and comorbidities played an important negative role. A hypothesis for this finding may be related to the cumbersomeness of therapy, which increases with age and number of comorbidities. The longer and more complex the list of drugs prescribed, the lower the adherence of the patient.[@R22] The impact of the type of discharge ward was very impressive: patients discharged from cardiology wards were much more likely to be adherent to evidence-based medications. As regards general practitioner determinants, adherence to polytherapy was higher with younger general practitioners and with physicians working in teams, sharing facilities, electronic patient records and clinical staff.

The geographic variation {#s4a}
------------------------

A relevant geographic variation in adherence to guidelines was observed between the local health districts of the Lazio region. The 'spatial' heterogeneity raises equity concerns in access to optimal care. This kind of unwarranted and avoidable variation in healthcare delivery is not unique to the Italian context.[@R11] [@R12] This study focuses on the 'trade-off' between hospital and primary care in determining variation. The median ORs estimated by the cross-classified multilevel models are very interesting. They allow one to measure and compare the amount of variation attributable to the 'discharge phase' and to the following 'primary care phase'. The reduction of the variability among local health districts after entering the hospital level in the model proved that the differences we observe in primary care partially 'reproduce' the clinical and organisational approach of the hospital of discharge, whose aims are both the correct setting of drug therapy and the planning of the subsequent visits for patient monitoring. Really, adherence to chronic polytherapy in people with previous MI was influenced more by the hospital that discharged the patient (MOR=1.37) than by the primary care providers (MOR=1.13).

The potential 'plans of action' {#s4b}
-------------------------------

According to the study results, it is possible to formulate hypotheses about the potential 'plans of action' for health policies aimed at improving adherence to polytherapy, such as (1) to organise prescribing upskilling sessions for general practitioners, focusing on the most recent clinical guidelines; (2) to promote education on doctor--patient relationships, underlining the effectiveness of systematic motivational support; (3) to stimulate association for primary care physicians, in order to improve the continuity of care; (4) to improve the organisational processes within the hospital, in order to discharge patients with MI from specialist wards and plan the subsequent visits for patient monitoring.

Study strengths and limitations {#s4c}
-------------------------------

The population-based design, large numbers and robustness of analytical procedures are the main strengths of this study. Moreover, cross-classified multilevel models proved to be a useful tool for identifying the priority lines of action to improve adherence and define areas for more targeted healthcare interventions. However, there are some study limitations to be considered. First, the results come from a single region in Italy and may be not generalisable to other geographic areas. However, our findings are in line with results of other studies carried out in other regions of Italy.[@R23] Second, our pharmaceutical database does not contain information on the prescribed daily doses and adherence to drug treatment was estimated on the basis of the DDDs. Although this is a useful instrument for comparing the results from different studies,[@R24] misclassification of drug utilisation may have occurred. Third, although the relative efficiency of using claims databases for studies of adherence in large populations in a 'real-word' setting is highly advantageous, we are unable to determine if patients actually consumed the dispensed medication. Thus, the study results of medication adherence based on claims data may be overestimated and should be interpreted with appropriate caution. Finally, there are some things to keep in mind concerning the use of stepwise procedures for selecting determinants of adherence to polytherapy. The original list of potential determinants was defined on the basis of a priori knowledge.[@R17] [@R18] Bootstrap stepwise is just a way to improve the efficiency of the statistical model. In fact, this procedure allowed us to identify which of the a priori potential determinants were actually associated with adherence to polytherapy in the specific context of our data. This avoids overparameterisation and improves estimator efficiency.[@R20]

Conclusions {#s5}
===========

In clinical practice, secondary prevention pharmacotherapy after MI is not consistent with clinical guidelines. Moreover, the relevant geographic variation in adherence to polytherapy detected within the Lazio region raises equity issues in access to optimal care. Finally, adherence was influenced more by the hospital that discharged the patient than by the primary care providers. Cross-classified models proved to be a useful tool for identifying the priority lines of action to improve adherence and define areas for more targeted healthcare interventions.
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